Introduction.-The hand-book issued by the Minister of Agriculture and Lands to prospective settlers in Southern Rhodesia contains a most attractive description of this country, the youngest of the self-governing colonies of the British Empire. The climate in most areas is ideal for Europeans, and to the right type of immigrant it offers a home well worth living in and developing. That the inducement is specific to a good type of settler is of great importance when considering the individual human factor in the control of malaria in rural districts.
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in very abnormal seasons the mean rainfall over the whole country can be relied upon to be between 21 and 37 in. Chart I, prepared from meteorological observations made at Shamva, a wellknown malarial and blackwater fever area, is an example of the relation between the rainfall and the mean maximum and minimum temperatures. From October to March inclusive, the mean maximum temperature is above 800 F., and the mean minimum temperature well over 600 F. This temperature, and the presence of water in small pools in fields, ditches, hoof-marks, slowly-flowing spruits, brick-holes, etc., afford ideal conditions for the breeding of Anopheles gambia (A. costalis). Further, such a high constant temperature is extremely favourable for the rapid development of Plasmodium falciparum in this anopheline, which is the chief transmitting agent of malaria in Southern Rhodesia. The report on the Public Health of Southern Rhodesia for 1927 (published 1928 ) includes a chart (see fig. 2 ) showing the relationship of the rainfall to malaria and blackwater fever during the years 1924,1925 and 1926 . This chart demonstrates in a remarkable manner that the amount of malaria in a given year is directly dependent upon the rainfall. Each year the height of epidemic malaria is reached during March, April and May; there is a sudden drop in the incidence of infections in June, corresponding to a drop in the temperature.
Hyper-endemic Malaria in the Indigenous Native Population.-The 1926 census estimates the indigenous native population as 950,638, and the European population as 39,174. Since 1927, however, immigration has raised the latter figure to about 50,000. The natives are allocated in Reserves and the remainder of the land is open for development by non-immune white immigrants. The natives and whites, however, come into close contact, because all manual labour is performed by African natives drawn either from the Reserves or from areas outside Rhodesia. This close contact of the non-immune with the more or less immune native supplies a constant reservoir for the infection of mosquitoes.
The intensity or frequency of malaria in various parts of the world has been much discussed, and in many instances the terms used are inaccurate and confusing. By endemic malaria in Southern Rhodesia we mean the constant presence of infection in that country. Endemicity is measured either by estimating the spleen-rate in young children between the ages of two and ten years, or by the parasite-rate in children (the endemic index). Areas in a general statement give little information and may be misleading. This has been emphasized by Gill (1914) and Christophers (1924) . Gill defines the " healthy," "moderately endemic," ' highly endemic," and " hyper-endemic " as implying a spleen-rate of under 10%, 10-25%, 25-50%, and over 50% respectively. In hyperendemic tracts there is a very high spleen-rate (often over 90%), and in such areas the non-immunes are liable to blackwater fever. Such areas are easily plotted on the map when occupied by non-immune settlers living in bad houses. The indigenous natives of Southern Rhodesia living in hyper-endemic zones are tolerant to malarial infection and suffer only infrequently from acute attacks of the disease. They all harbour parasites, but often in numbers so low as to defy detection in the peripheral blood-stream. Gametocytes (crescents) are seldom found in adult natives of Southern Rhodesia.
Native children, however, in the same regions suffer up to the age of two years from what Christophers has aptly called " acute infestation," characterized by the presence of enormous numbers of asexual parasites in the peripheral blood-stream. The death-rate during this period amongst native infants must be enormous. The children who survive this acute stage of the disease gradually develop a tolerance, in which acute attacks become less frequent and the number of parasites in the peripheral blood diminishes. This development of tolerance is known as " immune infestation." Those individuals who reach maturity are tolerant to the disease.
The native children are the chief infecters of anophelines. In a single examination of a hundred native children under ten years of age, over 40% showed crescents in their peripheral blood-stream. The parasite concerned is almost exclusively Plasmodiumfalciparum (about 95% of cases), and it predominates throughout the year. The high incidence of this species of parasite and the hyper-endemic conditions in this part of Africa lead inevitably to attacks of blackwater fever unless care is taken to avoid repeated infections. As an example of the attempts of Europeans to settle on the land in Southern Rhodesia in unsuitable circumstances in a hyperendemic area, the following figures from the schools of three districts may be cited: In the Public Report for 1926 the Medical Inspector of Schools states that of 4,349 children examined, 58'33% had a malarial history, and 51 had a definite history of blackwater fever; of the latter, 2 bad a history of two attacks, 4 a history of three attacks, 1 a history of four attacks, and 3 a history of seven attacks. Two deaths from heemoglobinuric fever were recorded in children during 1926. Such figures show that considerable carelessness in the choice of a site for their houses and gross neglect of recognized anti-malarial measures are still displayed by many set..lers in the rural areas. It is impossible successfully to occupy and to develop such areas unless precautions are taken, and the Department of Public Health now sends expert malariologists to supervise and help the settlers with housing problems and 'with methods of avoiding repeated malarial infection. Well-built houses carefully screened, and efficient nets over beds, will keep families from the danger of repeated infection and consequently of blackwater fever.
Ignorance, carelessness, poverty and even antagonism must be overcome if Rhodesia is to be successfully developed by Europeans, and for this reason the human factor is of paramount importance, especially in rural districts. The health authorities carry out an immense amount of propaganda against malaria, and the children in the schools are now taught all about mosquitoes, malaria and methods of preventing the disease.
Epidemic Malaria and its Relation to the Density of Anophelines which Feed on
Man.
- Thomson (1924) found that the chief anopheline associated with malaria and blackwater fever in Southern Rhodesia was Anopheles costalis. This mosquito is naturally wild; it is found only in the rural areas and seldom occurs in the houses of the larger towns. There seems little doubt that this insect is responsible for the majority of fresh cases of malaria during the wet, hot season. Accordi ng to Leeson (1928) Anopheles costalis appears late in November and remains till early June. Chart II shows a remarkable decrease in the incidence of malaria in June, which is associated with the disappearance of this mosquito. It does not hibernate and is killed off by the sudden drop in the temperature. At night in badly-lit houses anophelines can only be detected with difficulty, for they keep in the shaded regions of the room-for example, under the table. They are silent during flight and are not easy to capture by lamp-light. The inhabitants of unscreened blackwater-fever houses, as often as not, will state that they seldom see mosquitoes and are not bitten-this at the height of the malarial season when the houses are nightly infested with anophelines, as the following incident demonstrates. A blackwater-fever house was visited by day and the surroundings carefully inspected. Larve of Anopheles costalis were found in abundance in a spruit about one hundred yards away. A hunt in the house for adult anophelines proved of little use; none were found. The occupants declared they seldom saw mosquitoes. In such houses the following technique demonstrates the presence of large numbers of anophelines: Before sundown close a bedroom window with mosquito netting or gauze. Immediately the sun sets the netting becomes covered with mosquitoes attempting to get out of the house. On many occasions by adopting this procedure 30, 40, 50, or more female anophelines (Anopheles costalis) could be captured on the netting in a short time, and these were only a few of those actually present.
Observations in Southern Rhodesia lead to the conclusion that most of the malaria is contracted in the houses, and that it is usually inoculated when the inhabitants are asleep in bed. James (1926) and Le Prince (1926) independently came to the conclusion that female anophelines, after a full meal of blood, rest in the house or near it until the blood is partially digested. It is obvious that the systematic destruction of adult anophelines in houses, if carried out thoroughly and regularly, might be a useful anti-malarial measure, but this would be difficult in the badly-constructed houses of Southern Rhodesia. Kligler and Leibman (1928), moreover, point out that different species of mosquitoes behave differently even under approximately identical conditions, and do not necessarily remain in the houses after feeding. Swellengrebel (1925) showed an absence of any correlation between the spleenrate and the numbers of anophelines reported by the Malaria Commission of the League of Nations as found in houses in all parts of Europe, and deduced from this that a certain minimum number of anophelines is necessary to maintain endemic malaria, but that once this number is present any excess of anophelines, even to ten times the initial density, may be of little importance in determining the density of malaria. Hackett (1929) , on the other hand, has always found that intense endemic malaria is associated with a considerable anopheline density and that an increase of anophelines which bite man always heralds a rise in the malarial curve, and, vice versa, a decrease produces a fall. This observer emphasizes the important facts that in making observations it is necessary to consider anophelines which feed on man, and to consider the normal curves of malarial incidence and anopheline density in the areas under examination. The peak of mosquito density precedes the peak of malaria by several weeks, and, as anophelines might suddenly disappear, it must be obvious that an epidemic of malaria might be in full swing when few or no mosquitoes occurred in the houses.
In Southern Rhodesia there is an absolute relationship between the rainfall and the amount of malaria and blackwater fever (vide Chart I). Anopheles costalis appears about the end of November, and, as the temperature is favourable and breeding places numerous, the density of this mosquito increases steadily. The height of the malarial curve is usually during March, April and May, and it must be obvious that this is associated with the density of mosquitoes biting man. The Prevention of Malaria in Southern Rhodesia.-As malaria is hyper-endemic and the parasite which predominates throughout the year is Plasmodium falciparum, the problem is an important one. The large towns, such as Salisbury and Bulawayo, are practically free from the disease and are healthy. In the rural, districts where farms and rancbes are widely scattered the prevention of malaria is a matter of great difficulty. As, however, the chief carrier of the disease seems to be Anopheles costalis, which has a distinct seasonal incidence, it would seem that anti-larval measures should be undertaken against this species during the suitable months. The individual settlers, with the help of a malariologist, could very effectively reduce the anopheline density in their houses.
Well-built and carefully screened houses and the rigid use of efficient mosquito nets undoubtedly constitute one of the best methods for protection in the rural districts. Residents in such houses who contract malaria have probably been infected during a visit to an unscreened house in the same area. The aim should be to prevent the repeated nightly infections common in the unscreened blackwater-fever houses. Badly-built, unscreened houses are still far too numerous. There is little doubt that malaria and blackwater fever will become, in the process of civilization and the development of Southern Rhodesia, comparatively unimportant diseases. Meanwhile, it is only too obvious that the settlers must have sufficient intelligence and determination to protect themselves and their families from the intense nightly bites of mosquitoes.
In conclusion, [ wish to record my appreciation of the anti-malarial work carried out in Southern Rhodesia for many years in difficult circumstances by the Department of Public Health. Under the able direction of Dr. Fleming many difficulties associated with the development of a new land have been overcome. Research work on malaria and blackwater fever has been continuous for the last seven years; a, mosquito survey is now being carried out.
Discussion.-Dr. J. B. CHRISTOPHERSON: This discussion is particularly appropriate, for recently there have appeared somewhat sensational accounts of illness which overtook members of a landing party from a pleasure steamer who went to view the Kruger National Reserve and the Victoria Falls, both in or adjacent to Southern Rhodesia. Two death3 occurred due to subtertian malaria contracted through the bites of infected mosquitoes (? A. costalis). The party were caught in a rainstorm and passed the night in the open without mosquito nets. Quinine is no protection from the bite of infected inosquitoes. Mosquito-proof houses and nets are the only effective protection against malaria.
Dr. Thomson has emphasized the influence of altitude and climate on malaria incidence. Southern Rhodesia, with altitudes of 4,000 ft. or over, has a good deal of subtertian malaria and some blackwater-fever. Anopheles breed at high and low altitudes but Plasmodiurn, falciparutm can only develop in the mosquito at 60°F. and over. Moisture and heat are the determining factors; rain in the cool season does not itself increase malaria in endemic areas.
In attempting to eliminate malaria from an endemic district, formerly measures were universally and almost entirely directed to preventing the mosquito breeding-anti-larval measures. Now, intensive clinical treatment of cases and carriers and destruction of adult mosquitoes are considered to be more important. Dr Dr. HUGH S. STANNUS asked if the malaria curve in the chart shown referred to all types of malaria or only to the subtertian cases, to first attacks only, or did it include subsequent attacks and relapses? Another question-in the absence of a native child population, did the " tolerant " adult native form a malaria reservoir even though it might be impossible to demonstrate by ordinary means the presence of malaria parasites in his blood ? He (the speaker) had found that such adult African natives often developed an attack of malaria when exposed to cold and wet. He could also testify to the heavy mortality among native infants; the figures for European children in Rhodesia were an unpleasant surprise. They indicated that at the time these figures were collected the malaria problem was by no means solved in Rhodesia.
Sir FRANCIS NEWTON said that the Rhodesian Government had some years ago instructed its farmers and agricultural population generally as to the necessary precautions to be taken. It was done personally and by distribution of pamphlets and printed instructions. It was impossible to realize how difficult was the task of dealing with malaria in a country of great distances and a widely scattered European population-a very different task from that set to General Gorgas in Panama by the United States Government. There he had a comparatively small area, unlimited men and money, and carte blanche. The chief difficulty was with the Europeans who in earlier stages had been over-confident as to their health and difficult to convince. Much improvement had been effected recently, and special progress had been made with parents, through their children under instruction in the schools. The danger on farms chiefly arose through the native children. This was being rapidly realized, and native families were generally kept comparatively remote from the European homesteads. However, farm labour was chiefly recruited from a distance, and the bulk of the labourers brought no wives and children with them. Dr. J. H. MOORE (Chief Medical Officer, Travancore Medical Fund) asked if there were any " stream-breeding " species of malaria-carrying anophelines in Southern Rhodesia, because in his experience the difficulties of anopheline destruction by larvicidal methods varied considerably according to the breeding habits of the local vector. Pool-breeders could be dealt with by individual attention; stream-breeders might need collective action by the local inhabitants, while for the control of riverine species departmental measures on the part of the Government might be necessary.
With regard to the remarks indicating that it was now fashionable to advocate reduction of the anopheline population by destruction of adult insects in houses, this method was quite inapplicable to the protection of a large labour force (say) on tea estates in the tropics, owing to the difficulty of finding mosquitoes in the dark and smoke-begrimed interiors of coolielines, and the fact that practically the entire population was out at work during the whole day.
He emphasized the necessity for routine treatment (either with euquinine or plasmochin) of all children at the approach of the malarial season, in order to reduce the reservoir of parasites available for infection of the early broods of anophelines. By the oiling of breedingplaces and the administration of euquinine to the children, the spleen-rate on certain groups
